Introduction
Childhood nephrotic syndrome consists of the tetrad of "nephrotic-range" proteinuria (urine protein excretion of more than 40 mg/m 2 /hour), hypoalbuminemia, generalized edema, and hyperlipidemia. It is the most common manifestation of glomerular disease in children. 1 Childhood nephrotic syndrome is now broadly occurs from 3 to 12 months. Secondary nephrotic syndrome is caused by extra-renal diseases such as systemic lupus erythematosus (SLE), quartan malaria, hepatitis B & C etc. When the syndrome does not fit into any of these forms, it is referred to as idiopathic nephrotic syndrome. 2 Although the common variants of idiopathic nephrotic syndrome consist of membrano-proliferative glomerulonephritis (MPGN), membranous nephropathy (MN), and mesangial proliferative glomerulonephritis (MesPGN), the major histopathologic subtypes are minimal change nephropathy (MCN) and focal segmental glomerulosclerosis (FSGS). In fact, MCN and FSGS are thought to occupy the extreme ends of the same disease spectrum. For instance, their electron microscopy findings are similar whereas their light microscopy findings are different. 3 Interestingly, FSGS has been further classified into primary (idiopathic) FSGS and secondary FSGS. 4 Whereas the former remains a diagnosis of exclusion, the latter is made up of virus/parasite-associated forms (such as HIV1, Plasmodium, Schistosoma mansoni), drug-induced forms, forms mediated by adaptive functional-structural responses and familial/genetic forms. [5] [6] [7] [8] [9] [10] In the Western world, majority of pre-adolescent children reportedly have MCN on histology: the presumed most common histopathologic subtype in childhood. 11, 12 Children with MCN frequently achieve remission with oral corticosteroids and thus have the steroid-sensitive nephrotic syndrome (SSNS), which has a good prognosis. 13 In contrast, FSGS is characterized by poor response to corticosteroids and subsequent progression to end-stage kidney disease (ESKD).
14 Only 20% of patients with FSGS may achieve remission with oral corticosteroids, 14 and thus majority who do not respond to these drugs are identified as having the steroid-resistant nephrotic syndrome (SRNS). In spite of the initial steroid-response rate of about 95% in SSNS, frequent relapses can occur in 20-60% of the patients with subsequent development of steroid dependence. 15 Therefore, the major challenges in the treatment of SSNS include frequent relapses, steroid dependence and possible steroid resistance. 16 Although both MCN and FSGS are regarded as more prevalent lesions in children globally, 1 within Sub-Saharan Africa (SSA) there are regional differences in the prevalence of other histopathologic subtypes and a change in their relative frequencies reported over the years. [17] [18] [19] [20] For instance, a recent study in western Nigeria noted a change in the predominant histopathologic subtype from Quartan Malarial Nephropathy (QMN) five decades ago to MPGN three decades ago, and to FSGS till date. 18 In addition, FSGS was found to be the most common histopathologic subtype associated with SRNS. 18 In northern Nigeria, the documented predominant subtypes were QMN approximately two decades ago, 21 and FSGS about four years ago. 22 A recent study from eastern Nigeria, however, reported the predominant subtypes as MCN, FSGN, and MPGN. 23 Elsewhere in the West African sub-region, other authors similarly observed a predominance of FSGS and MCN in Ghana about thirteen years ago. 19 In Southern Africa, MCN, FSGS and membranous nephropathy (MN) were more frequently reported in the Republic of South Africa in that order about two decades ago. 20 However, another report by the same authors in a retrospective study which extended to 2004 (about fifteen years ago) showed that MCN and FSGS ranked high in the common histopathologic subtypes found to be steroid resistant. 24 Because of the changing trend in the prevalent histopathologic subtypes associated with steroid resistance, a systematic review of the literature (published within the last two decades) was conducted to establish their current prevalence rates in SSA. With the discovery of genetic forms of FSGS and the ongoing genetic-based research in this region, data on prevalence rates of these histopathologic subtypes may change in future and may necessitate a follow-up systematic review.
Methods

Literature search strategy and inclusion criteria
A search of the PubMed, Google and African Journals Online databases was conducted from January to December 2018 using PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart to identify relevant articles which met the aim of the systematic review. A combination of relevant terms and names of the sub-regions within SSA (West Africa, East Africa, Central Africa, and Southern Africa) was used. Terms used for "steroid-resistant nephrotic syndrome" included "idiopathic nephrotic syndrome", "steroid-unresponsiveness" and "frequent relapses". For "children," terms like "preschool child", "school-aged child", "adolescent" and "pediatric" were entered for the search. Articles included in the review were either cross-sectional prospective studies or retrospective studies of children and adolescents aged 1-18 years who were residents in the countries within SSA. In addition, the eligible studies (published in English language) were conducted from January 1997 to December 2017. Case reports, Letters to the Editor and Review articles were however excluded. These bibliographic database searches were supplemented by scrutinizing references of the selected original articles in order to identify additional sources of data.
Data extraction and analysis
The following data were extracted from the original articles that fulfilled the inclusion criteria: first author's name, year of publication, period of study, country of study, study design, sample size, age range of subjects and their mean age, the histopathologic subtypes and their prevalence rates, the administered immunosuppressive medications, as well as the patterns of remission. The methodological quality of each selected article was evaluated using the Newcastle-Ottawa quality assessment scale (adapted for cross-sectional studies). 25 The assessment scale involves the assignment of stars (as a measure of quality) based on 3 domains: (i) selection of study groups (maximum 5 stars), (ii) comparability of groups (maximum 2 stars), and (iii) ascertainment of outcome (maximum 3 stars). A cross-sectional study was rated low, moderate or high quality if ≤3 stars, 4-7 stars and ≥8 stars respectively were assigned. Any inter-rater variability of the study quality was resolved by consensus between two of the authors (SNU and IKN). A qualitative synthesis and descriptive analysis of the extracted data were then conducted. The mean values for the prevalence rates of the histopathologic subtypes were calculated. A meta-analysis was not done due to the few numbers of studies reviewed.
Results
Using the bibliographic databases (PubMed, Google, and AJOL), a total of 27 full-text articles were identified. After removal of duplicates, 24 articles were left ( Figure 1 ). Screening of these articles led to the exclusion of 6 articles unrelated to the topic under review. Eighteen (18) full-text articles were then assessed for eligibility. A total of 10 articles which comprised review articles, case reports and letters to the Editor were further excluded leaving behind a total of 8 articles/studies for the review. The methodological quality and findings of each of the 8 studies are summarized in Table 1 . All eight studies were cross-sectional and retrospective. Five of them were conducted in the West African sub-region: four emanating from Nigeria 18, 22, 26, 27 and one from Ghana. 19 In Central Africa, one study was conducted in the Democratic Republic of Congo, 28 while two studies were conducted in the Republic of South Africa.
20,24
Characteristics and findings of the studies West African sub-region
The methodological quality of the study by Asinobi et al in western Nigeria 18 is rated moderate (7 stars). There were two study groups: pretreatment biopsy-era group-from 1997 to 2001 and posttreatment biopsy-era group-from 2006 to 2013. All nephrotic syndrome patients in the former group (n=58) were biopsied before treatment while in the latter group (n=106), patients were biopsied after treatment based on specific indications namely; steroid resistance, steroid dependence, frequent relapses, secondary nephrotic syndrome and atypical presentation such as gross hematuria, azotemia, hypertension, and intermittent gross proteinuria. However, 78 patients had successful biopsies out of 106 patients in the posttreatment biopsy-era group: giving a biopsy success rate of about 73.6%. The age range of patients in the two study groups was 2 1 / 2 to 16 years with a calculated mean age of 8.9±4.0 years for the pretreatment biopsy-era group and 8.3±3.7 years for the posttreatment biopsy-era group. In both groups, the overall prevalence rates for the subtypes determined on light microscopy were 39.8% for FSGS, 20.5% for MPGN, 19.2% for MCN and 20.5% for others. Specifically, the prevalence rates of the histopathologic subtypes seen in the post-treatment biopsy era were reported as 47.6% for FSGS, 19% for MPGN and 19% for MCN. Thirty patients who had SRNS were distributed in the following order of frequency with respect to histopathologic subtypes: FSGS (60%), MPGN (27%), MCN (3%) and others (10%). Second or third-line immunosuppressive drugs (such as cyclosporine A, mycophenolate mofetil, and rituximab) were administered to these patients.
For the study by Obiagwu et al in northern Nigeria, 22 the methodological quality is rated low (3 stars). The period covered by this retrospective study was not stated by the authors. Only 20 patients who had renal biopsy were included in the study. The age range of the patients was 2.5-13 years with a peak age of 7-8 years and a mean age of 8.3±3.0 years. Of the 11 patients with SRNS, the following histopathologic subtypes on light microscopy and their frequencies were reported: FSGS (54.5%), MCN (27.3%), MN (9.1%) and MPGN (9.1%). However, in the study population (n=20), the frequencies of these histopathologic subtypes were noted as follows: FSGS (40%), MCN (20%), MPGN (15%), MN (15%) and others (10% cyclophosphamide). The overall treatment response was 90.45% (complete remission =57.12% and partial remission =33.33%). The last Nigerian study under review was also conducted in the western part of the country by Ladapo et al, 27 and its quality is assessed as moderate (5-star rating). It was a retrospective review of the short-term treatment outcomes of children with SRNS on cyclosporine compared to previous outcomes with other immunosuppressive drugs such as cyclophosphamide. Out of the 103 children with nephrotic syndrome diagnosed from 2009 to 2014, 25 patients (24.3%) who had steroid resistance (SRNS) were assessed by the authors. The patients were aged between 0.6−15.2 years with a median age of 8.8 years. Among 10 of these children who were successfully biopsied, the frequency of the histopathologic lesions on light microscopy was reported as follows: FSGS (70%), MCN (20%) and MPGN (10%). Remarkably, the complete remission rate for cyclosporine was 70% in comparison with 40% for cyclophosphamide.
Outside Nigeria, another study in the West African sub-region conducted in Ghana by Doe 
Central Africa
In the Democratic Republic of Congo, Aloni et al 28 conducted another retrospective study whose quality is adjudged low (3 stars). The authors described the clinical profile and management of children with SRNS in a setting reportedly bedeviled with a dearth of laboratory facilities and pharmaceutical supplies. Out of a total of 62 children (aged 1.5-13 years) diagnosed with nephrotic syndrome and seen from 1983 to 2008, 16 (25.8%) had SRNS. The histopathologic subtypes were however not stated. ) were assigned to treatment groups comprising oral cyclophosphamide plus prednisolone (n=90), oral prednisolone alternating with oral methylprednisolone plus oral cyclophosphamide (n=117), alternate-day oral prednisolone plus 3 doses of alternateday intravenous methylprednisolone plus monthly intravenous cyclophosphamide (n=10) and oral cyclosporine (n=6). Interestingly, there was a significant difference in response to the treatment regimens between Indian and black children. Sixty-nine percent of biopsied Indian children achieved complete remission: 72.5% of them to oral cyclophosphamide plus prednisolone. In contrast, 20.2% of biopsied black children achieved complete remission but none to oral cyclophosphamide plus prednisolone. However, 80% of non-biopsied Indian children achieved a complete remission to this treatment regimen.
Southern Africa
Discussion
In this systematic review of 8 studies from SSA, FSGS was consistently on top of the list of histopathologic subtypes associated with SRNS in black children. 18, 19, [22] [23] [24] 26, 27 In nephrotic children, steroid resistance generally appears to be the hallmark of FSGS as a renal biopsy is usually performed in the event of treatment failure with corticosteroids. The prevalence of FSGS, relative to other histopathologic subtypes, seems to be increasing globally, especially in the Western world and Asia. [29] [30] [31] [32] [33] For instance in Nigeria, the most frequent cause of nephrotic syndrome has changed from QMN (in the 1960s) to MPGN (in the 1980s) to FSGS (till date). 18 Specifically, FSGS is the most prevalent histopathologic subtype among children with nephrotic syndrome in Nigeria, 18, 22, 26, 27 and in Ghana as well. 19 On the other hand, QMN is becoming extinct or non-existent in Nigeria according to a prospective study conducted a decade ago. 34 A recent review underscores this finding which indicates that a transition has probably occurred from QMN through MPGN to FSGS in Nigeria. 35 Although the factors responsible for the increased prevalence of FSGS are not yet clearly understood, it may be due to improved diagnosis, as well as the absolute rise in the incidence of adaptive FSGS worsened by obesity and chronic inflammation. 36 For instance, improved expertise in renal biopsies may have been contributory to this rising prevalence rate, given that FSGS lesions may easily be missed if cortical glomeruli are biopsied, instead of targeting deep juxtamedullary glomeruli as well as obtaining a large glomerular yield. 1, 4, [36] [37] [38] [39] Recently, FSGS has been categorized into six forms: primary or idiopathic FSGS, adaptive FSGS (the two common forms), high-penetrance genetic FSGS, viralmediated FSGS, and medication-associated FSGS (the three less common forms) as well as the newly identified APOL1-associated FSGS. 40, 41 Within these FSGS categories, emerging evidence indicates that the link with APOL1gene identifies a group most likely to end up with ESKD. 40 Among children with SRNS in this systematic review, the calculated mean FSGS prevalence rate of about 57.2% (based on the figures reported within the West African subregion) is consistent with the rates of 42.0-72.0% noted among African-American children with SRNS in the United States. 42, 43 This is not surprising as the black race is considered a risk factor for FSGS because of the prevalent APOL1 gene in individuals with sub-Saharan ancestry. 44, 45 Specifically, there is a rapid progression of FSGS to ESKD in black children when compared to other racial groups. 46, 47 This underscores the poor prognosis associated with this histopathologic subtype, especially in black children: more so with the likelihood of APOL 1-associated FSGS occurring in this racial group. Elsewhere in North Africa, a single-center retrospective study in Egypt however reported a comparatively low FSGS prevalence rate of 7-20% of all pediatric patients with nephrotic syndrome. 48 Interestingly, despite the high rate of steroid resistance in this series, the authors reported a good overall renal-survival rate. 48 This observation further buttresses the reported effect of racial factor on the outcome of FSGS. Furthermore, this systematic review has shown that the calculated mean prevalence rates of MPGN, MCN, and MN among children with SRNS in the West African sub-region are 22.4%, 14.0%, and 6.73% respectively. However, the picture in South Africa appears different as the distribution of the histopathologic subtypes was reported in a single study as follows: FSGS (36.1%), MCN (36.1%), and MesPGN (8.2%). 43 In contrast, children with SRNS in the developed world have the following histopathologic subtypes on light microscopy: FSGS (63-73%), MCN (0-15%), diffuse mesangial sclerosis (3-15%), and IgM nephropathy (3-15%). 49, 50 More importantly, these causes of SRNS account for 5-20% of all pediatric patients with ESRD. 51 Again, this shows that SRNS in children, irrespective of the underlying histopathologic subtype, most likely ends up with ESKD. While there are obvious differences between SSA and the Western world with respect to the prevalence rates of the histopathologic subtypes like diffuse mesangial sclerosis and IgM nephropathy, the prevalence rate of steroid-resistant MCN appears similar in these two regions. MCN generally responds well to steroids with over 90% response rate while steroid resistance occurs in 7-10% of cases. 12 Its mean prevalence rate of about 14% among SRNS patients in West Africa agrees with this well-established figure. But in South Africa, MCN appears to have the same frequency and steroid-resistance rate with FSGS. 43 Historically, the degenerative glomerular lesions of FSGS were those observed in the progression of MCN (hitherto known as "lipoid nephrosis"), and it was later noted that these patients with MCN had an accelerated clinical trajectory (with possible transformation to FSGS). 52 This may explain the similarity in the frequencies of both histopathologic subtypes, although this conclusion remains conjectural. Nevertheless, the rising prevalence rate of steroidresistant FSGS in South Africa and in the West African sub-region, could be attributed to the current pandemic of the human immunodeficiency virus (HIV). In virus-associated FSGS, HIV-1 is the most implicated virus which is strongly linked with this histopathologic subtype (especially the collapsing glomerular variant of FSGS) as it directly infects the podocytes. 5, 53 Interestingly, the effect of HIV on podocytes is strongest in individuals with two APOL1 risk alleles, with a high odds ratio reported in South Africa. 53 Remarkably, subjects with HIV-associated nephropathy (HIVAN) have one or two APOL1 risk alleles. 49 Although APOL1-associated FSGS constitutes a major type of FSGS in SSA, the effect of APOL1 is mainly recessive, needing two risk alleles. But in HIV-positive South Africans, a single copy of a risk allele has a significant link with HIVAN. 53 Recently, genetic/familial FSGS is increasingly being documented as several genes have been described for this form of the disease. 10, 54 However, in SSA there appears to be paucity of genetic investigations for childhood nephrotic syndrome due to inadequate human and financial resources. 35 In fact only one study has reported the genetic evaluation of nephrotic syndrome in Nigerian children. 55 The authors genetically evaluated two siblings with familial FSGS. Although the sequencing analysis was conducted outside the country, sequencing of both exons of NPHS2, WT1, and APOL1 did not reveal the presence of common mutations in these genes: prompting the authors to conclude that undiscovered gene mutations may account for FSGS in SSA. 55 Nevertheless, to bridge these diagnostic gaps, the Human Heredity and Health (H3) Africa Kidney Disease Research Network (H3A-KDRN) has initiated a project to provide data on a cohort of children with nephrotic syndrome from SSA countries such as Ghana, Nigeria, Tanzania, South Africa, and Cameroon. 56 The H3A-KDRN will establish if clinical, infectious, and genetic factors are responsible for differences in first steroid response, steroid resistance, frequent relapse/steroid dependence, and a four-year chronic kidney disease-progression trajectory in childhood nephrotic syndrome. 56 Another prominent histopathologic subtype associated with SRNS in SSA is MPGN (or mesangiocapillary glomerulonephritis). It was particularly reported in all the studies from Nigeria. 18, 22, 23, 26, 27 MPGN has a documented steroid-response rate of only 7% and thus has a high rate of steroid resistance. 12 In one of the studies in Western Nigeria, its frequency in cases of SRNS surpassed that of FSGS. 26 In fact, both histopathologic subtypes (FSGS and MPGN) are frequently associated with steroid resistance. 57 Idiopathic MPGN is regarded as one of the least common types of glomerulonephritis which account for about 4-7% of primary renal causes of nephrotic syndrome in childhood and adulthood respectively. 58 Despite the decline in its incidence in developed countries, 59 it has been reported as one of the most frequent histopathologic subtypes in biopsied children with nephrotic syndrome both in Nigeria, 60 and Turkey. 61 Like FSGS, it progresses to ESKD although it has a slowly progressive clinical course: with 2.8% of ESKD in children on dialysis and 3.3% of ESRD in pediatric kidney transplant recipients caused by MPGN. 62 Finally, MN appears to be the least common of the histopathologic subtypes associated with idiopathic SRNS in SSA. While some authors from the West African sub-region failed to document any case of MN in their series, 18, 19, 27 others reported the least prevalence rates in comparison with other histopathologic subtypes. 22, 26 This finding agrees with the report from a recent study in Eastern Europe which noted prevalence rates of 36.4%, 31.8%, 13.6% and 4.5% for MCN, FSGS, MPGN, and MN respectively in children with SRNS. 63 However, it differs from the high prevalence rate reported among black children with nephrotic syndrome in a South African study. 20 It should be noted that this study was a retrospective review of all cases of childhood nephrotic syndrome irrespective of treatment responses. Interestingly, a later study by the same South African authors which explored the treatment responses of the histopathologic subtypes associated with SRNS suggested a low prevalence rate. 24 
Conclusion
The pattern of the major histopathologic subtypes seen in childhood SRNS has changed over the years in SSA. The prevalence of FSGS is currently high in this region, which is similar to the picture in other parts of the world. In fact, it remains the commonest histopathologic lesion associated with SRNS in SSA, although other histopathologic subtypes like MPGN and MCN have also been reported with high prevalence figures. There is a need to improve facilities for diagnostic nephrology in this part of the world (such as genetic testing, electron microscopy and immunofluorescent microscopy) in order to promote ongoing research on this subject. With the discovery of genetic forms of FSGS and the current H3A-KDRN study, data on prevalence rates of these histopathologic subtypes in SSA are obviously still evolving and may thus warrant a follow-up systematic review
Limitations of the systematic review
The use of the Newcastle-Ottawa quality assessment scale, originally designed for case-control studies (but adapted for use in cross-sectional studies), may have compromised the quality rating of the included studies: which were all retrospective. Secondly, the few numbers of reviewed studies precluded a meta-analysis of the reported prevalence rates
Disclosure
The authors report no conflicts of interest in this work.
